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Summary of the Thesis 
 
IR 64 is an Indica Group elite rice (Oryza sativa L.) variety developed during the 
second phase of ‘Green Revolution’, but it has limitations including low nitrogen use 
efficiency (NUE), higher susceptibility to drought, iron (Fe), blast and tungro diseases. 
A total of 334 INLs harboring chromosome segments from tropical Japonica Group UP 
varieties, such as New Plant Types’ (NTPs) and a Japanese Japonica Group variety were 
developed to improve the yield potential of IR 64. This study aimed (1) to characterize 
these INLs under different rice ecosystems such as IL and UP at Temperate, based on 
the data of YC and dry matter production, and detect the genetic factor(s) for each traits 
by genotype and phenotype association analysis (2) to confirm the association (QTL) 
for low tillering based on advanced analyses, and (3) to clarify the variation of these 
INLs in nitrogen uptake at seedling stage.  
These 333 INLs were characterized, and results showed that panicle weight (PW), 
PW/whole weight per plant (P/T), fertility spikelet (FS), and fertility spikelet No./total 
spikelet No. per panicle (FS/TS) of INLs were increased, and culm weight (CW) and 
panicle No. (PN) were decreased commonly in compared with those of IR 64. These 
INLs were classified into three cluster groups, A, B and C, based on the data in UP, and 
four, I, II, III and IV in IL. And these were reclassified into six groups, A-I, A-II, B-II, 
B-III, C-III and C-IV. The cluster groups were characterized mainly based on the 
variations of four traits, days to heading (DH), culm length (CL), panicle length (PL), 
and total spikelet No. per panicle (TS). Three groups, B-III including IR 64, A-I and 
A-II, had longer DH and PL, and higher TS, than the other three groups. Two groups 
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C-III and C-IV had the lowest values of DH, CL, PL and TS. BII showed intermediate 
values of traits among the groups. To identify the genetic factors on chromosome 
segments introduced into INLs, association analyses were carried out using these 
phenotypic and genotype data of 262 SSR makers, and a total of 166 QTLs for ten traits 
were detected on all rice chromosomes, except for chromosomes 3 and 10. Among them, 
60 QTLs were only detected in UP, and 31 QTLs were in IL. Remained 75 QTLs were 
found in both conditions. Off them, 81 QTLs for DH, CL, PL, PW, P/T, PN, FS and TS, 
were unique and detected newly.   
Advanced QTL analysis for low tillering was carried out using 72 F3 plants derived 
from an F2 plant, F2JII-IV-10, which harbored the heterozygous region locating the 
QTL on chromosome 7. And, a total of 88 F3 family lines derived from the cross 
between IR 64 and YTH 34, were evaluated for panicle No. in UP and IL fields, and 
they showed single gene segregation in UP. The low tillering was controlled by a 
recessive gene and designated as ltn2, and mapped with a neighbor SSR marker 
RM21950 on chromosome 7 with 1.1cM distance. 





), and ammonium nitrate (NH4NO3), were evaluated at seedling stage 
of 13 rice cultivars and 25 selected INLs. Seedlings of four stages, 0, 7, 14, and 21 days 
old, were grown in hydroponic culture for 14 days in the greenhouse, and relative dry 
weight (RDW, %) in compare with non-nitrogen treatment were investigated. RDW of 
young seedlings of cultivars and INLs showed bigger values than those of old stages in 
all nitrogen forms, and showed difference in the pattern of nitrogen uptake according to 
the seedling stage. Rice cultivars could be classified into three groups, I, IIa and IIb, 
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based on reaction patterns to nitrogen. The group I, Kasalath, showed always the highest 
RDW in all forms, and stage and showed dramatic reduction of nitrogen uptake. Group 
IIa including IR64 showed lower RDW and high reduction of nitrogen uptake in all 
treatments in compared with other groups. Group IIb was higher in RDW than IIa, and 
also low reduction of nitrogen uptake at the later stages. Improved cultivars, Takanari 
and Dontokoi belonged to IIb. These indicated that the cultivars in IIb were different 
from the other two, and might harbor some genetic factors for nitrogen uptake in rice 
seedling stage. In addition, INLs could be classified into four cluster groups, I, IIa, IIb 
and III. Kasalath showed the highest RDW in all forms and stages, and formed 
independent group I. Group IIa showed low RDW, but reduction of nitrogen uptake was 
lower than other groups, and YTH 187 belong to this group. Group III showed the 
higher RDW in forms, but showed higher reduction of nitrogen uptake than IIa and IIb. 
Elite line YTH 183 and recurrent parent IR 64 belonged to this group. Group IIb was 
medium in RDW and reduction of nitrogen uptake in compared with other groups. 
Because two INLs, YTH 183 and YTH 187, harbored chromosome segments from same 
donor parents (YP 5), but went to different cluster groups due to reduction of nitrogen 
uptake at later stages. 
Based on the investigation for reaction to different nitrogen forms, genetic variations 
among the INLs were found. This meaning that there are different genetic factor(s) for 
nitrogen responses in INLs, and these INLs will be useful for identification of them and 
gene sources.  
This study demonstrated and confirmed that genetic and physiological 
improvements of Indica Group rice cultivars are possible and promising by the 
introgression of chromosome segments from Japonica Group cultivars through wide 
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hybridizations. This strategies will accelerate the breeding new cultivars of major crops.          
These INLs and information of QTLs will be used for genetic studies to identify 
genetic factor(s) that modified IR 64, and as the breeding materials for genetic 
improvement of Indica Group variety. Also, improvement for nitrogen uptake of IR 64, 
and its management in rice cultivation.  
